Urban features essentially influence atmospheric flow and microclimate, strongly enhance atmospheric turbulence, and modify turbulent transport, dispersion, and deposition of atmospheric pollutants (e.g., Piringer et al., 2007) . Increased resolution in numerical weather prediction (NWP) models allows for a more realistic reproduction of urban air flows and air pollution processes, however most of the operational models still do not consider, or consider very poorly, the urban effects. This has triggered new interest in model development and investigation of processes specific to urban areas. Recent developments performed as part of the European project FUMAPEX on integrated systems for forecasting urban meteorology and air pollution (Baklanov et al., 2002 (Baklanov et al., , 2005, the US EPA and NCAR communities for MM5 Bornstein et al., 2006; Taha 2008) , WRF models , and other relevant studies (see e.g. Baklanov and Grisogono, 2007) have shown many opportunities in the "urbanization" of weather forecasting and atmospheric pollution dispersion models.
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Atmospheric models for urban areas have different requirements (e.g. relative importance of the urban boundary layer (UBL) and urban surface sublayer (USL) structure) depending on: (i) the scale of the models (global, regional, city, local, micro, etc.) ; (ii) the functional type of the model, e.g.:
• Forecasting or assessment type of models, • Urban or regional climate models, • Research meso-meteorological models, • Numerical weather prediction models, • Atmospheric pollution models (city-scale), • Emergency preparedness models, • Meteo-preprocessors (or post-processors).
A wide range of approaches have been taken to incorporating urban characteristics. In addition there are a wide range of processes which includes: characteristics of the urban canopy sublayer, components of urban surface energy balance (net radiation, sensible and latent heat fluxes, storage heat flux, etc.), and water transport. This results in a wide range of models (e.g., Brown and Williams, 1998; Oke et al., 1999; Grimmond and Oke, 1999; Kusaka et al., 2001; Masson, 2000; Dupont, 2001; Martilli et al., 2002) . Most urban NWP or meso-meteorological models modify the existing non-urban approaches (e.g., the Monin-Obukhov similarity theory, MOST) for urban areas by parameterisation or finding proper values for the effective roughness lengths, displacement height, and heat fluxes, including the anthropogenic heat flux, heat storage capacity, albedo and emissivity change, etc. The main limitation is when there is a need to resolve meteorological profiles within the urban canopy, where the MOST assumption of a constant flux surface layer is invalid. This is obviously important as it is a layer into which pollutants are emitted and in which people live. The sophistication of urbanization within research mesoscale models has increased during the last 10 years, starting with the work of Brown and Williams (1998) , which included urban effects in their TKE scheme. Masson (2000) then included a detailed canyon energy balance scheme into his surface energy balance equation. Martilli et al. (2002) expanded on the work of these two studies to include effects from canyon walls, roofs, and streets in each prognostic PBL equation. A similar, but less complex urbanization scheme has been developed by Kusaka et al. (2001) . A drawback to these advanced urbanization schemes is that they require detailed (i.e., on scale of a few 10 s of meters) urban morphological data, including land use and land cover, surface roughness, building thermal characteristics, and anthropogenic heat fluxes.
The urban canopy models, modules and parameterisations which are available are very different in terms of the sophistication of process descriptions, computing resources required and in the associated difficulties in implementing in numerical meso-scale models. Many publications consider separate aspects of urban features but none provide a complete picture of the necessary algorithms and steps required. Proceeding from the above, the main aim of the COST Action 728 (http://cost728.org) workshop on "Urbanisation of meteorological and air quality models" (May 3-4, 2007, UK Met Office, Exeter, UK) was to discuss and make recommendations on the best practice and strategy for urbanisation of different types of meteorological and air quality models.
International organising committee of the workshop included: Maria Athanassiadou (UK Met Office, responsible local organiser), Alexander Baklanov This workshop is a logical continuation of the Sessions and Round Table Discussion entitled "Urban sub-layer parameterisations in meteorological, climate and environmental models" of the 6th International Conference on Urban Climate (ICUC6) in Göteborg, Sweden, June 12th-16th 2006 (ICUC, 2006) . The main focuses of the Section, which included 22 oral presentations, were: -Urban physiographic data classification and utilisation of surface satellite data, -Parameterisations and models of urban soil/heat, roughness sublayer and internal boundary layers, -Urbanisation of meso-meteorological and numerical weather prediction models, -Urban sublayer models, parameterisations and meteo-preprocessors for urban air quality and emergency preparedness models, -The incorporation of urban effects into regional climate models.
An outcome from the Round Table was to build a world-wide working group on "Model urbanization strategy" and to organise a workshop associated with COST 728. The Round Table discussions were summarised by A. Baklanov, J. Ching, A. Martilli and V. Masson and published in the COST 728 "Model urbanisation" report (COST728, 2007) . With increasing numbers of users simulating at the mesoscale (or higher resolution) it becomes increasingly necessary to include some urban characteristics and therefore parameterisations in their models.
This volume, based on the presentations given at this workshop, is concerned with the following main topics:
1. Urban morphology and databases, 2. Parameterisations of urban canopy, 3. Strategy for urbanization of different types of models, 4. Evaluation and city case studies/field studies.
The workshop was oriented towards NWP and air quality modelling. Presentations were concerned with dynamic (on wind and turbulent) and thermal effects (on temperature and energy in general). Most of the papers presented at the workshop are published in this volume. However the following were not available for this volume but PowerPoint presentations are also available at the workshop web-site (http://www.cost728wg1.org.uk):
• Dirk Schuttemeyer "The present setup for the urban experiment in Bonn, Germany"; • Omduth Coceal "Turbulence statistics from DNS and LES -implications for urban canopy models" (Coceal and Belcher, 2004; Coceal et al., 2006 Coceal et al., , 2007 ; • Valery Masson "CAPITOUL experiment: first experimental results and parameterization" Masson et al., 2008 ); • Fei Chen "Advancing the multi-scale urban modelling in the community mesoscale WRF model: current status and future plan" (Chen et al., 2004 Lo et al., 2006 ); • Bob Bornstein "Urbanization of US meso-scale models" Bornstein et al., 2006) .
The final chapter of this volume summarizes the discussion and conclusions from the four main topics and provides recommendations and future requirements.
Cutting across the main topics, issues of concern and major interest arise:
• Which variables do we need to model (and to what degree of precision) for which applications (air quality, emergency response, urban climatology, weather forecast, etc.). For example,
• Do we need values within the canopy or only whole surface fluxes?
• Do we need good turbulence fluxes?
• For dispersion applications, do we need mean concentrations or also the variances?
• What is the best way to evaluate the capability of the parameterizations to model the relevant variables i.e.,
1. urban measurement campaigns, 2. wind tunnel experiments, 3. role of the CFD/LES models.
• What ways could the parameterizations improved (if needed):
• For dynamics: porosity models, dispersive stress, role of CFD/LES models, • For energy: need for building energy models.
meteorological and air quality models. Additionally, ancillary information such as gridded population, energy usage and traffic will be incorporated to encourage and facilitate linkages to air quality and human exposure models. An important coredesign feature is the portal technology to enable NUDAPT to be a "Community" based system. Web-based portal technology will facilitate data retrievals and handling based on data federation concepts. Houston, Texas is the NUDAPT's initial prototype. Advanced urban canopy implementations of the MM5 and WRF are used to demonstrate the NUDAPT features, including scope of the data and processing methodologies for an eventual extensibility to all other cities.
Approach
In this paper, we describe a prototype of an operational template that can be extended to provide an eventual nation-wide capability that will serve a broad user community engaged to develop and drive powerful new and advanced atmospheric transport and dispersion and air quality modelling tools. Already, the value of using high resolution urban data in meteorological and air quality simulations has been demonstrated from sensitivity studies based on mesoscale modelling system that incorporate urban canopy parameters Dupont et al., 2004; Chen et al., 2006) . This will provide a strategic implementation to both the modelling and decision support communities requiring appropriate modelling tools to support the assessments and applications required to reduce the health risks associated with exposure to air of poor quality. Further, it addresses homeland security in regard to transport and dispersion of toxic releases. Houston, the fourth largest city in the USA, was selected to serve as the initial prototype to demonstrate the NUDAPT features. For this city there are lidarderived building data with unrestricted use (Fig. 1.1 ) and air quality data from major intensive field studies are available. Houston has active emissions management programs to address its poor air quality and associated health effects. The NUDAPT prototype includes:
(1) primary data sets such as (a) 3D building and geo-morphological data, roads and their linkages; (b) activity data including census data, traffic, and industrial outputs; (c) land surface characteristics data; (2) derived daughter products including model specific urban canopy parameters (UCPs), diurnal population data (which accounts for human activities and therefore changing location), anthropogenic energy inputs and traffic emissions; and (3) examples of model outputs and analyses to demonstrate a range of applications possible.
Features of Nudapt
Morphology Databases and Urban Canopy Parameters (UCP)
An important feature of NUDAPT is the provision to incorporate urban structure data and derived urban parameters. For example, the urbanized version of MM5 ) makes use of UCPs introduced to building and vegetation influences on the drag, the partitioning of the surface energy budget components, and the generation of turbulence of the flow in the surface boundary layer. The set of UCPs in Table 1 .1 (eight of which vary with height) used in the Dupont's modelling system are calculated for each grid in the modelling domain (Burian et al., 2004) . Geospatial databases, similar to that used in Houston, consisting of detailed building and other urban morphological structures imagery information (resolution: order 1 m) are being acquired for 133 USA urban centres. This is in response to 
